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Bean pod mottle virus (BPMV) was first found in the southern USA in the late 1940s 
(Zaumeyer and Thomas, 1948) and is now widespread in soybean producing states. 
Surveys in Arkansas, Kentucky and North Carolina showed the disease to occur in 100, 
66 and 30% of fields, respectively (Walters, 1970; Ross and Butler, 1985; Ghabrial et al., 
1990) at incidences ranging from 1 to 100% (Walters, 1970; Pitre et al., 1979; Mueller 
and Haddox, 1980). The occurrence ofBPMV in soybeans has increased dramatically in 
northern soybean production areas of the USA since the late 1990's. Producers of food 
grade soybeans first drew attention to the problem as they began to experience increased 
problems with seed discoloration. Since 1999, seed discoloration has also become an 
economic issue in marketing conventional soybeans both as a seed and as a commodity. 
The pathogen not only causes seed quality problems due to discoloration, but also is 
potentially transmissible to plants grown from infected seeds (Lin and Hill, 1983). It is 
well established that the bean leaf beetle, Ceratoma trifurcata, is a major vector for the 
virus (Walters and Lee (1969). Mild winters in the midwest since 1998 have been 
associated with large increases in populations of this insect. 
This study was designed to answer the following key issues of concern to soybean seeds 
producers. 
1. Is BPMV a major cause of the current soybean seed discoloration problem? 
2. What is the relative importance BPMV-infected seed and bean leaf beetles as 
inoculum sources for BP MV? 
3. What management options can be suggested? 
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Experimental Plan 
Planting date: 
May 2, 2000 
Locations: 
Gustafson Experimental Farm, Redfield, IA 
Curtiss Fram, Ames, IA 
Seed lots: 
Two seed lots of the food grade cultivars Vinton 81 with incidences of seed infection by 
BPMV ofO and 13%. 
Insecticides: 
1. Untreated seed 
2. Seed treated with Gaucho 600 (Imidacloprid) at 3.67 fl oz ./100 lbs of seeds* 
3. 1 0 foliar sprays of the insecticides from May 1 0 to July 31, 2000* 
4. Seed treated with Gaucho and 10 sprays of insecticide 
* Imidacloprid is a systemic insecticide used to prevent insect feeding on young plants 
** Foliar sprays were Lorsban 4E (Chloropyrifos) at 32 ozJacre for the first two 
applications and Pounce 2EC (Permethrin) at (4 fl ozJacre) for the final eight 
applications. 
Plot design 
Individual plots comprised 4 rows, 10.6 m long and 76 em wide. Each row contained 300 
seeds. Treatments were arranged in 4 completely randomized blocks. 
Bean leaf beetle feeding 
Plots were examined for bean leafbeetle feeding on June 2 and July 21 , 2000 using the 
following rating scale on 25 seedlings in each the two center rows of each plot on June 2 
and on the top trifoliate of 50 plants in each of the two center rows of each plot on July 
21 , 2000. 
No damage - no feeding holes. 
Minor damage -1-5 feeding holes. 
Severe damage- >5 feeding holes. 
BPMV infection of plants 
Single leafs from 50 plants in each of the center two rows of each plot were collected 
from each plot at Redfield on May 22, June 8-9, June 26, and August 2-3 and at Ames on 
May 17, June 6, June 23, and August 5, 2000. 
Leaves in 20 groups of 5 plants were assayed for BPMV using an ELISA kit 
manufactured by Agdia, Elkhart Indiana, 
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Virus symptoms on growing plants 
Single leaves were collected from groups of up to 1 0 plants with visible virus symptoms 
and from 10 plants with no symptoms on July 21,2000. These were tested for BPMV 
infection by ELISA. 
Visual quality of harvested seeds. 
One hundred plants were hand harvested from each plot on September 14 at Redfield and 
at Ames on Serptember 26. Seeds were removed by hand from pods and stored in the 
laboratory. 
Subsamples of 500 seeds from each plot were visually examined and the number in each 
the following categories determined: 
1. BPMV -discoloration* 
2. Shriveled , no discoloration. 
3. Other types of discoloration 
4. Normal seeds 
* Typical discoloration that has been associated with BPMV is light -brown or blackish-
gray streaking and staining on the seed coat. 
Seedborne incidence ofBPMV was determined on four sets of20 five-seed sub-samples 
of each category pooled across treatments. 
Seed weight 
The weight of each 500 seed sub-sample was measured. 
Results 
Bean leaf beetle infestation 
Feeding damage of the bean leaf beetle was evident on soybeans at both locations by 
June 6, one month after planting (Table 1 ). The insects also were easily observed on the 
plants at this time. The plots receiving no insecticide treatments showed extensive severe 
damage, while plots planted with Gaucho-treated seed or sprayed with insecticide showed 
only minor damage. At the second measurement of insect feeding damage on July 21 
(Table 2), the level of damage in seed treated plots was now as severe as that in the 
untreated plots. Sprayed plots still only had minor damage from insect feeding. 
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Table 1. Bean leaf beetle damage /50 soybean plants on 6/2/00 
Location BPMV infection Insecticide treatments Bean leaf beetle damage 
on planted 
seed(%) None Minor Severe 
Redfield, lA 0 None 1.0 19.0 30.4 
10 sprays 44.8 5.3 0.0 
Gaucho (seed treatment) 41 .8 8.3 0.0 
Spray + Seed Treatment 48.8 1.3 0.0 
13 None 10.0 25.5 14.5 
10 sprays 47.5 2.8 0.0 
Gaucho (seed treatment) 42.8 7.3 0.0 
Seed Treatment + 1 0 spfays 48.8 1.3 0.0 
LSD (P < 0.05) 2.9 3.1 4.2 
Ames, lA 0 None 0.8 16.3 33.0 
10 sprays 25.3 26.8 0.5 
Gaucho (seed treatment) 23.8 27.3 1.0 
Spray + Seed Treatment 38.0 12.0 0.0 
13 None 8.0 27.8 14.8 
10 sprays 23.3 25.0 1.8 
Gaucho (seed treatment) 18.3 28.5 3.3 
Seed Treatment + 10 sprays 22.0 28.0 0.0 
LSD (P < 0.05) 6.1 ns 5.0 
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Table 2. Bean leaf beetle damage /100 soybean plants on 7/21/00 
Location BPMV infection Insecticide treatments Bean leaf beetle damage 
on planted 
seed(%) None Minor Severe 
Redfield, lA 0 None 1.5 34.0 65.5 
10 sprays 59.8 38.0 2.3 
Gaucho (seed treatment) 4.0 37.8 57.8 
Spray+ Seed Treatment 54.8 44.0 1.3 
13 None 1.3 33.5 65.3 
10 sprays 57.3 40.5 2.3 
Gaucho (seed treatment) 5.0 35.8 59.3 
Seed Treatment+ 10 sprays 59.0 38.3 1.8 
LSD (P < 0.05) 4.3 ns 6.6 
Ames, lA 0 None 2.0 28.5 69.5 
10 sprays 53.8 44.3 2.0 
Gaucho (seed treatment) 2.3 25.5 72.3 
Spray+ Seed Treatment 56.8 41 .8 1.5 
13 None 2.0 24.0 74.0 
10 sprays 61 .0 37.0 2.0 
Gaucho (seed treatment) 3.5 29.8 66.8 
Seed Treatment + 1 0 sprays 59.0 40.8 0.3 
LSD ~p < 0.05l 4.5 6.5 5.5 
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BPMV development 
BPMV infection, as determined by ELISA, was not detected in soybean seedlings 
sampled on May 17,2 weeks after planting (Table 3). The pathogen was detected in some 
treatments on June 23 and from all treatments on August 5. BPMV infection was 
significantly lower on August 5 in plots sprayed with insecticide at both locations. Seed 
treatment alone also reduced virus infection at Redfield, but not at Ames, 
where the overall level of infection was greater than that at Redfield. There was no 
difference in the incidence of the virus between plots planted with 0 and 13%-infected 
seeds. 
Table 3. Number positive for BPMV by ELISA /20 groups of 5 soybean plants 
Location BPMV infection Insecticide treatments Sampling date 
on planted 
seed(%) 17-May-00 23-Jun-00 5-Aug-00 
Redfield, lA 0 None 0.0 3.3 9.5 
10 sprays 0.0 0.0 6.5 
Gaucho (seed treatment) 0.0 0.0 4.5 
Spray+ Seed Treatment 0.0 0.0 3.0 
13 None 0.0 0.5 7.8 
10 sprays 0.0 0.0 4.5 
Gaucho (seed treatment) 0.0 1.8 4.3 
Seed Treatment+ 10 sprays 0.0 2.3 5.0 
LSD (P < 0.05) ns 1.9 2.6 
Ames, lA 0 None 0.0 5.5 13.5 
10 sprays 0.0 0.3 7.5 
Gaucho (seed treatment) 0.0 0.0 10.8 
Spray+ Seed Treatment 0.0 0.0 6.6 
13 None 0.0 3.3 15.8 
10 sprays 0.0 3.5 4.3 
Gaucho (seed treatment) 0.0 1.8 14.8 
Seed Treatment + 10 sprays 0.0 0.5 4.0 
LSD (P < 0.05) ns 2.9 3.6 
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Numbers of plants with visible virus symptoms on July 21 averaged 10-11 for untreated 
plots compared to 1-2 for seed-treated or sprayed plots at Ames. Corresponding 
observations at Redfield were 1-3 symptomatic plants in the untreated plots and 0 to 1 in 
the treated plots. Approximately 50% of leaf samples from symptomatic plants were 
positive for BPMV in ELISA, while those from a corresponding number of asymptomatic 
plants were all negative for BPMV. 
Quality of harvested seeds 
Foliar insecticide sprays greatly reduced the percentage ofBPMV-discolored seeds at 
both locations (Table 4). Gaucho-seed treatment also reduced the amount ofBPMV-
discolored seed at Redfield but not to the same degree as did foliar sprays. Seed treatment 
did not reduce BPMV -infected seed counts at the Ames where overall infection levels 
were greater. ANOVA (data not shown) indicated that less BPMV-discolored seeds were 
present in 
Table 4. Quality of harvested soybean seeds. 
Location BPMV infection Insecticide treatments Visual categories(%) 
on planted 
seed(%) BPMV Shriveled Other Normal 
discol. no discol. discol. 
Redfield, lA 0 None 7.1 22.9 5.1 64.9 
10 sprays 0.2 5.9 3.6 90.4 
Gaucho (seed treatment) 2.5 19.2 4.9 73.6 
Spray+ Seed Treatment 0.9 9.2 3.5 86.5 
13 None 10.6 30.9 4.4 54.2 
10 sprays 0.6 9.3 3.4 86.8 
Gaucho (seed treatment) 6.4 26.1 5.5 62.1 
Seed Treatment + 1 0 sprays 2.8 5.3 2.9 89.0 
LSD (P < 0.05) 2.4 4.3 ns 5.9 
Ames, lA 0 None 31 .6 51 .5 4.0 12.9 
10 sprays 9.4 26.4 0.9 63.4 
Gaucho (seed treatment) 35.3 42.2 5.2 17.4 
Spray+ Seed Treatment 14.2 31.4 0.8 53.5 
13 None 50.4 29.5 4.9 15.5 
10 sprays 9.5 24.9 0.8 64.9 
Gaucho (seed treatment) 48.9 30.1 5.0 16.2 
Seed Treatment + 1 0 sprays 10.7 24.4 1.3 63.7 
LSD (P < 0.05) 8.4 ns 0.8 10.5 
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Seed 
weight 
(g/500 
seeds) 
88.4 
94.8 
88.9 
94.0 
89.4 
98.0 
89.6 
97.3 
5.9 
96.3 
111 .8 
103.8 
105.0 
98.5 
110.1 
96.9 
106.8 
4.6 
the plots planted with non-infected seed than in those grown from seed with 13% 
incidence ofBPMV at Redfield. This effect was not observed at Ames, however. 
Many shriveled seeds with damaged seed coats were found at both locations. These seeds 
were not discolored. As indicated above, ELISA detected some BPMV -infection in these 
lots, but the incidence of infection was much lower than that in BPMV -discolored seeds. 
Foliar sprays significantly reduced the number of shriveled seeds at Redfield, but not at 
Ames (Table 4). This finding suggests the shriveled seed may be a result of direct 
damage by bean leaf beetles. 
Weights of 500 seed samples were significantly lower for from untreated and Gaucho-
treated plots than in those from sprayed plots at both locations (Table 4). 
Extensive infection by BPMV, as determined by ELISA, was found in harvested seeds 
with typical BPMV -discoloration at the two locations (data not shown). A low incidence 
of infection was detected in shriveled seeds, but no BPMV was found in the seeds with 
discoloration symptoms that differed from the BPMV symptom or in normal, healthy 
seeds. 
Conclusions 
More measurements have still to be made in this experiment with respect to seed 
transmission of BPMV and of the seed quality characteristics including germination and 
size. However, sufficient data is available to answer, in part, the questions posed above. 
Is BPMV a major cause of the current soybean seed discoloration problem? 
The following evidence from this experiment supports the conclusion that BPMV is a 
major cause of the current seed discoloration problem in soybeans. 
1. BPMV was detected extensively by ELISA in harvested seeds in the "BPMV-
discoloration" visual category and not in seeds of other seed quality categories. 
2. ELISA detected BPMV consistently in plants with BPMV symptoms in the field 
plots at both locations. BPMV was not detected in asymptomatic plants. 
3. The seed health testing service at the ISU Seed Science Center, over the last three 
years, has consistently detected BPMV in numerous soybean seed lots with the 
characteristic "BPMV -discoloration" using the Agdia ELISA kit . 
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What are the relative importance BPMV-infected seed and bean leaf beetles as 
inoculum sources for BPMV? 
The following results support the c.onclusion that the bean leaf beetle insect vector is a 
major source of inoculum for BPMV, while seed borne inoculum is of minor importance. 
• When compared with non-sprayed plots, foliar insecticide sprayed plots showed 
reduced bean leaf beetle feeding on soybean plants throughout the growing season 
and significantly lower incidences of BPMV on soybean plants by mid season and 
on seeds at harvest time. 
• Gaucho seed treatment reduced insect feeding early in the season. It could not 
sustain this control into mid-season, however, when insect damage reached the 
same level as that in untreated plots. Seed treatment did reduce BPMV infection 
of harvested seeds, but not to the degree seen in insecticide-sprayed plots where 
insect populations were controlled well into mid-season. 
• The incidence of seed-borne inoculum on plnated seed had no effect on BPMV 
infection of plants at mid-season, but a slight reduction in BPMV -discoloration 
was found on harvested seeds grown from non-infected seeds at the Redfield 
location. This effect was not detected at the Ames location, which was under 
much greater disease pressure. Forthcoming data may better elucidate the role of 
seed infection, but the contribution of inoculum from this source seems to be 
minimal compared to that from the bean leaf beetle. 
What management options can be suggested? 
1. Planting BPMV-free seed will not be an effective option for control ofBPMV 
especially when been leaf beetle populations are high. 
2. Foliar insecticide sprays were effective in controlling BPMV under low and high 
disease pressure in this experiment. However, the large numbers of sprays used 
were designed to reduce insect populations for experimental purposes and would 
not be economic for soybean growers. 
3. Gaucho seed treatment can provide early season protection against the bean leaf 
beetle which was reflected in reductions in plant infection by BPMV in mid-
season and seed discoloration at harvest. However, control of seed discoloration 
from seed treatment broke down under high disease pressure. Seed treatment is 
not likely to be an effective and economic management practice unless it can be 
combined with one or two strategic insecticide sprays timed to control insect 
feeding in mid to late season. 
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